Essential hypertension remains poorly understood, despite the enormous efforts of research, which brought understanding of certain physiopathological and treat ment mechanisms. New insights have emerged from recent data showing that environmental insults during (in vitro) fertilisation, foetal, perinatal and childhood periods may lead to vascular dysfunction and hyper tension later in life (the foetal programming of adult disease hypothesis, also called the "Barker hypothe sis"). In line with this hypothesis, we recently reported that apparently young healthy children born after a pregnancy complicated by preeclampsia or born after in vitro fertilisation display a marked generalised vas cular dysfunction, which may predispose them to pre mature cardiovascular morbidity and mortality. New data from animal studies strongly suggest that epi genetic alterations are important underpinning mech anisms involved in these vascular abnormalities. Pre liminary animal data suggest that pharmacological interventions targeted at these epigenetic modifica tions may avoid premature cardiovascular morbidity and mortality.
Introduction
Hypertension affects >1 billion people worldwide [1] . In Switzerland, >50% people older than 60 years are hypertensive [2] . Hypertension is the most prevalent risk factor for cardiovascular mortality worldwide [3] . Whereas in roughly 10% of hypertensive patients an underlying cause can be identified, in the remaining 90% the origin of high blood pressure remains largely unknown and is labelled as "essen tial" hypertension. Epidemiological and observational studies have shown that hypertension occurs more frequently in some ethnicities or families, suggesting a genetic mechanism to the disease. Indeed, heritability of hypertension is estimated to be between 30% and 40% [1, 4] . However, so far genetic variants, individually and collectively, explain only a small fraction of the phenotypic variation and disease risk [1] . What are the possible alternative explanations for this so called "missing heritability"? Several hypotheses have been proposed, including overestimates of heritability, unex plored regions of the genome, untested classes of ge netic variants, the action of many rare genetic variants, and gene interactions [1] . Phenotypic variation can also be regulated independent of changes in DNA sequence, thereby escaping detection with classic ge netic approaches. These heritable epigenetic changes could explain some of the missing heritability in hyper tension. Furthermore, epidemiological data in humans dur ing the last 20 years suggest that environmental fac tors acting during the foetal and perinatal period induce alterations that predispose to metabolic and/or cardiovascular disease later in life. These observations have led to the socalled "foetal programming of adult disease hypothesis" or "Barker hypothesis" [5] . For example, studies in animals showed that maternal undernutrition results in increased systolic and dias tolic blood pressure in the offspring [6] . In humans, maternal malnutrition during early gestation (The Dutch famine studies) increases the prevalence of coro nary heart diseases in the offspring [7] . In line with the foetal programming of adult disease hypothesis, we recently reported that apparently healthy young chil dren born after a pregnancy complicated by preeclamp sia or born after in vitro fertilisation display a marked generalised vascular dysfunction which may predis pose them to premature cardiovascular morbidity and [8, 9] (fig. 1 ). In line with this concept, the Helsinki birth cohort demonstrated that adult off spring of a mother with preeclampsia are at increased risk of stroke [10] . We speculated that epigenetic mech anisms underpin the generalised vascular dysfunction observed in offspring of women with preeclampsia and in vitro fertilised children. Our hypothesis was based
What are epigenetic mechanisms?
The term "epigenetics" refers to important chromatin based mechanisms that regulate gene expression with out affecting the DNA sequence per se. Important epi genetic modifications take place during embryonic, foetal and early postnatal development, and are indis pensable for the adequate regulation of gene expres sion, but are strongly influenced by environmental on the observation that there is high epigenetic activ ity during embryonic and late foetal development. In sults occurring during this period may affect the nor mal epigenetic activity, which, in turn, may alter gene expression and function. To test our hypothesis we have generated mouse models of preeclampsia and in vitro fertilisation (see below).
interactions. There is evidence that epigenetic modifi cations are heritable throughout generations. The best studied epigenetic mechanisms involve DNA methyl ation and histone modifications (acetylation and methyl ation) ( fig. 2 ). Other mechanisms, such as micro RNAs, have been also described [1] . 
Figure 2
Foetal/perinatal insults may induce epigenetic alterations such as DNA methylation and histone deacetylation that will modify gene expression. DNA methylation occurs at CpG dinucleotides and is responsible for inhibition of transcription. Hyperacetylation of the histones correlates with transcriptional activation, whereas their deacetylation is associated with transcriptional inactivation. Epigenetic alterations can be reversed by pharmacological agents, such as histone deacetylase inhibitors.
Preeclampsia
Preeclampsia is characterised by hypertension, pro teinuria and oedema, and complicates up to 10% of pregnancies in Western countries. As stated above, we found that young apparently healthy adolescents born after a preeclamptic pregnancy display marked vascu lar dysfunction in the pulmonary and systemic circula tion, as evidenced by a 30% higher pulmonary artery pressure and a 30% smaller flowmediated dilation (FMD) of the brachial artery compared with control subjects [8] . Vascular dysfunction in the offspring of mothers with preeclampsia could be related to pre eclampsia per se or to a genetic abnormality that pre disposes the mother to preeclampsia and the offspring to vascular dysfunction. To distinguish between these two possibilities, we assessed vascular function in sib lings of offspring of mothers with preeclampsia who were born after a normal pregnancy. These siblings had normal pulmonary artery pressure and FMD [8] , indi cating that preeclampsia per se causes vascular dys function in the offspring. What are the mechanisms that occur during preeclampsia and cause a persistent defect in the circulation of the offspring? During preec lampsia in humans, oxidative stress, a potent inducer of epigenetic alterations [11] , is increased in the circu lation of the mother [12] . We speculated that oxygen species cross the placental barrier [13] and cause epi genetic alterations of genes involved in the regulation of the endothelial function of the foetal circulation, and that these modifications would persist during the whole life. To test this hypothesis, we used a mouse model of increased oxidative stress during gestation [14] , the restrictive diet pregnancy (RDP) model. Pul monary vascular function in vitro, and pulmonary artery pressure and right ventricular responses to hypoxia in vivo were assessed in offspring of RDP and in control mice [15] . To test for epigenetic modifications we assessed pulmonary DNA methylation. Endo theliumdependent pulmonary artery vasodilation in vitro was impaired, and hypoxiainduced pulmonary hypertension and right ventricular hypertrophy in vivo were exaggerated in offspring of RDP compared with control mice. This pulmonary vascular dysfunction was associated with altered lung DNA methylation. Since epi genetic changes may be reversed by histone de acetylase inhibitors [16] such as butyrate ( fig. 2) , in a next step, we tested the effects of butyrate administra tion to offspring of RDP on pulmonary DNA methyl ation and pulmonary vascular function and found that the administration of butyrate normalized pulmonary DNA methylation and vascular function.
Since oxidative stress is increased in the mother during RDP and possibly triggers epigenetic changes and vascular dysfunction in the offspring, we examined the potential preventive effects on epigenetic and vas cular modifications in the offspring by administrating the antioxidant tempol to the mother during RDP. Indeed, administration of tempol to the mother pre vented pulmonary DNA dysmethylation and vascular dysfunction in the offspring, confirming that increased oxidative stress triggers pulmonary vascular dysfunc tion in the offspring by an epigenetic mechanism. A similar mechanism may be involved in the foetal pro gramming of vascular dysfunction induced by pre eclampsia in humans.
Assisted reproductive technology
Assisted reproductive technology (ART) has allowed millions of infertile couples worldwide to have children and now make up 1% to 4% of the births in developed countries. ART involves the manipulation of embryos at early stages of their development when they may be particularly vulnerable to environmental influences that may induce epigenetic alterations, which will per sist for the whole lifespan. Therefore, the safety of ART for longterm health is of utmost importance. To assess the cardiovascular function of young and apparently healthy offspring born from ART we measured their systemic [FMD, pulsewave velocity (PWV) and intima media thickness (IMT)] and pulmonary (pulmonary artery pressure by Doppler echocardiography) vascular function and compared it with control children [9] . The results show that healthy children conceived by ART display a generalised vascular dysfunction, as evidenced by a 25% smaller FMD, a 16% faster PWV, a 10% greater IMT and a 30% higher pulmonary artery pressure compared with control children. There is good evidence that the vascular dysfunction observed is related to ART procedures per se, because vascular function in parents, in children conceived after ovarian hyperstimulation, or in naturally conceived siblings of ART children was normal [9] .
Increased blood pressure has been reported in ani mal models of in vitro fertilisation and in children con ceived by ART [17, 18] . To further understand the mechanisms involved in ARTinduced vascular dys function and hypertension, we developed a mouse model of ART. Preliminary data show that mice con ceived by in vitro fertilisation, like human offspring of ART, display vascular dysfunction and hypertension compared with control mice. Moreover, there is evidence that epigenetic mechanisms involving dysmethylation of genes responsible for vascular function contribute to the described vasculopathy. Further studies are needed to confirm these data both in mice and in humans. Once this has been done, the next goal will be to find out how ARTinduced vascular dysfunction can be pre vented.
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Conclusion
Essential hypertension remains poorly understood, despite the enormous efforts of research, which brought understanding of certain physiopathological and treat ment mechanisms. New insights have emerged from recent data showing that environmental insults during (in vitro) fertilisation, foetal, perinatal and childhood periods may lead to vascular dysfunction and hyper tension later in life (the foetal programming of adult disease hypothesis) ( fig. 1) . It has become more and more evident that epigenetic alterations are important underpinning mechanisms involved in these vascular abnormalities. Preliminary animal data from our group suggest that pharmacological interventions targeted at these epigenetic mechanisms avoid premature cardio vascular morbidity and mortality. This should be very stimulating news for future research in humans!
